Although patient-reported outcomes (PROs) have become a key component of clinical oncology trials, many challenges exist regarding their optimal application. The goal of this article is to methodically review these barriers and suggest strategies to overcome them. This review will primarily focus on radiation oncology examples, will address issues regarding the "why, how, and what" of PROs, and will provide strategies for difficult problems such as methods for reducing missing data. This review will also address cancer survivorship because it closely relates to PROs.
INTRODUCTION
Patient-reported outcomes (PROs) have become more widely included in clinical oncology trials over the last decade. PROs have been defined by the US Food and Drug Administration (FDA) as "any report of the status of a patient's health condition that comes directly from the patient, without interpretation of the patient's response by a clinician or anyone else." 1 This is a broad term that includes within its purview health-related quality of life (HRQOL), experiences with treatment, and patient satisfaction.
Yet many challenges remain regarding the optimal application of PROs in oncology, not only within clinical trials, but even more importantly, in the clinic setting itself. The goal of this review article is to methodically review these barriers and suggest strategies to overcome them. For example, considering the additional resources, time, and effort required, why should PROs be used? Once one decides to include PROs in a particular setting, how does one select the optimal instruments, time points, and end points? Then, after the PRO data are finally collected, what does it actually mean? Perhaps the greatest challenge relates to missing data, which plagues many quality-of-life (QOL) studies. Although this article is not meant to review all aspects of PROs in oncology, it will primarily focus on radiation oncology examples and tackle the key questions of "why, how, and what," and will provide practical solutions for difficult problems, such as strategies to reduce missing data. This review will also address survivorship concerns, because they are often best measured by PROs. Ultimately, when considering PROs, how do we overcome the cons?
ON A FUNDAMENTAL LEVEL, WHY SHOULD PROS BE MEASURED?

Benefits for Physicians and Medical Research
Measuring PROs provides key added value for physicians and medical research. Perhaps the most important example is that pretreatment QOL has been shown in many oncology trials to be a strong predictor of outcome, including local control and survival. Table 1 lists several examples from the radiation oncology literature. PROs can also help identify problems or symptoms that are likely to be missed during routine clinical queries. For example, depressive symptoms in patients with breast cancer were associated with a higher risk of recurrence and early death. 10 PROs also help in understanding the impact of cancer and its treatments in late sequelae and long-term toxicities when these patients are following up with their oncologists. 11, 12 An understanding of the impact of treatment on long-term QOL and survivorship may help physicians guide patients when deciding between two equally efficacious treatments.
Benefits for Regulatory Agencies and Society
Various government and regulatory agencies have embraced the study of PRO measures and have used PROs to guide policy and health care delivery. The FDA published PRO guidelines for industry and drug manufacturers in 2009.
1 This document provides recommendations on the use of PRO as an end point, the instruments to use, clinical trial design, data analysis, and statistics. The FDA has allowed QOL data as a basis for seeking approval for drugs since the 1980s.
13 Indications for approved drugs have been extended to include conditions under which they help relieve or minimize symptoms. 14 PROs are also proving useful in health care decision making. Recommendations have recently been published for incorporating PROs into comparative effectiveness research (CER). 15, 16 The Institute of Medicine (IOM) defines CER as "the generation and synthesis of evidence that compares the benefits and harms of alternative methods to prevent, diagnose, treat, and monitor a clinical condition or to improve the delivery of care. The purpose of CER is to assist consumers, clinicians, purchasers, and policy makers to make informed decisions that will improve health care at both the individual and population levels."
17 One economic measure incorporating PROs is quality-adjusted life years (QALY). By using this approach, a person's state of health is assigned a utility which runs on a continuum from 1 (perfect health) to 0 (death). A QALY is defined as 1 year of life adjusted for the health state. Thus, 1.0 QALY equates to 1 year spent in perfect health. A cost of $50,000 per QALY or less is typically considered economically efficient for health care delivery. 18 Such analyses have been conducted in radiation oncology trials for comparing two treatment regimens.
19-21 QALY analyses have also been used when assessing novel radiation technologies, such as intensity-modulated radiation therapy and proton therapy. 22, 23 Sloan et al 24 recently conducted simulation studies to assess the impact of survival differences, toxicity rates, and utility values on QALY.
Benefits for Patients
By definition, PROs are reported directly by the patients themselves without any interference by health care professionals. This provides a significant advantage because it has been documented that there is a disconnect between the perspective of providers and that of patients. [25] [26] [27] [28] PRO data can help patients choose between two therapies as opposed to being influenced by physician bias. 29, 30 Perhaps the most important reason for studying PROs is simply that patients want their physicians to do so. 31 Randomized trials reported by Detmar et al 32 and Velikova et al 33 have shown that physician-patient interaction and communication improve when queries are made regarding PROs. This, in turn, improves patient QOL.
ONCE IT HAS BEEN DECIDED TO INCORPORATE PROS INTO A PARTICULAR SETTING, HOW SHOULD THEY BE MEASURED?
The most important criteria for choosing a particular PRO instrument in a clinical trial is the formulation of a well-thought-out hypothesis. The question being asked must be addressed by a validated PRO instrument, one that has been found to be reliable, valid, sensitive, and responsive to change. 34 Gotay et al 35 suggested incorporating QOL end points into randomized trials when comparing palliative regimens, when the treatments are likely to be equally effective, or when one treatment may be superior to the other but at the expense of greater toxicity.
The following factors should considered regarding the QOL instrument to be used, some of which have also been described by Gelber and Gelber. 36 What is the objective of the study? Is the QOL instrument validated for the cancer being studied? Is it validated for the specific patient population with regard to demographic factors such as sex, race, and age? Are validated translations available for non-English speakers? How many instruments need to be used? One or many? How many items are there in the instrument? Is there an abbreviated version that may provide the same information? What is the instrument's clinical relevance? How often will the PRO information be collected? Are there any copyright clearances or permissions to obtain and is there a cost associated with the use of the instrument?
There are hundreds of validated PRO instruments available with a multitude of choices, depending on the clinical question that needs to be answered. HRQOL instruments are broadly categorized as either generic instruments or disease-specific instruments.
Generic Instruments
Generic instruments cover broader aspects of diseases and can be applied in various situations to assess the general health status of individuals. Two examples of such instruments are the Functional Assessment of Cancer Therapy-General (FACT-G) 37 and the European Organisation for Research and Treatment of Cancer Quality of Life Questionnaire C30 (EORTC QLQ-C30), 38 which have been translated and validated in many languages. Another widely used instrument is the Medical Outcomes Study (MOS) questionnaire, which contains a core set of 116 items intended to measure physical health, mental health, and general health. 39 Shorter versions of this instrument are also available, and they are known as the 36-item Short Form Health Survey (SF-36) and SF-12.
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Disease-Specific or Cancer-Specific Instruments
The aforementioned general instruments can be combined with cancer-specific instruments that include additional items querying the cancer being studied. Examples of such instruments are the FACT-B for breast cancer, 43 FACT-L for lung cancer, 44 and EORTC-BN20 for brain tumors, 45 among many others. A detailed description of these instruments is beyond the scope of this article. Guidance regarding which instrument to use can be obtained from various sources, including the Patient Reported Outcomes Measurement Information System (PROMIS), 46 PROQOLID, 47 and the Radiation Therapy Oncology Group (RTOG) QOL/PRO library. 48 The National Institutes of Health (NIH) has funded two major initiatives related to PROs to facilitate better standardized and better validated metrics. The first is PROMIS, an initiative launched in 2004. 49, 50 The aim of this program is to "provide clinicians and researchers access to efficient, precise, valid, and responsive adult-and child-reported measures of health and well-being." The second major initiative is the Patient-Reported Outcomes version of the Common Terminology Criteria for Adverse Events (PRO-CTCAE). 51 The PRO-CTCAE has developed an electronic-based system for patient self-reporting of symptom adverse events listed in the CTCAE. The aim is to improve the accuracy and precision of grading of this class of adverse events.
The National Cancer Institute's (NCI's) Symptom Management and Health-Related Quality of Life Committee recently convened a clinical trials planning meeting to provide recommendations for a core set of patient-reported symptoms to be considered for inclusion across all cancer clinical trials and for three common solid tumors: head and neck, prostate, and ovarian. Using a common core set of PROs will enable comparisons within and among trials and meta-analyses to better understand prevalence, duration, and severity of cancer and cancer treatment-related symptoms.
The optimal timing of using a PRO instrument varies based on the hypothesis being tested, the natural course of the disease, and the anticipated adverse effects. It is critical to limit the PRO time points as much as possible to reduce patient burden and resources.
It is also important to be aware of and follow the recent CONSORT (Consolidated Standards of Reporting Trials) PRO guidelines by Calvert et al. 52 , 53 The aim of these guidelines is to "improve the reporting of PROs in trials to facilitate the use of results to inform clinical practice and health policy."
AFTER THE PRO DATA ARE COLLECTED, WHAT DO THEY MEAN?
A major ongoing challenge in this field is to understand and analyze the clinical meaningfulness of PRO data. Although clinicians understand the relevance of a high-temperature recording, what does a certain change in a particular QOL end point signify? Fortunately, clinically meaningful changes in QOL have been analyzed and are defined as "a difference in score that is large enough to have an implication for the patient's treatment or care." 54 This leads to the concept of minimal clinically important difference, which has been defined as "the smallest difference in the score in the domain of interest that patients perceive as important, either beneficial or harmful, and which would lead the clinician to consider a change in the patient's management." 55 For example, Osoba et al 56 used the EORTC QLQ C-30 instrument and a subjective significance questionnaire for patients receiving chemotherapy for breast and small-cell lung cancer. They noted that if the change in scores on the EORTC QLQ-C30 was between 5 and 10 points, patients perceived their condition as "a little" better or worse. For a change of 10 to 20 points, the perception was "moderately" better or worse, denoting a clinically meaningful change. Of note, Sarna et al 25 Two approaches for data interpretation, called anchor-based and distribution-based methods, were introduced by Lydick and Epstein 57 and further explained by Wyrwich et al. 54 In the anchor-based method, the scores on the QOL instrument are correlated with another independent measure (anchor). In the distribution-based method, the data are interpreted in terms of the relation between the magnitude of effect and some measure of variability in results. 58, 59 Cohen has suggested that a standard deviation of 0.5 represents a moderate change. 60 
CHALLENGE OF MISSING PRO DATA
Another major issue that has plagued studies examining PROs has been missing data. For example, some QOL studies in cancer are performed when comparing palliative treatment regimens. In such studies, long-term patient follow-up may be compromised resulting in either missing items and/or missing entire forms, which is more serious. 61 Curran et al 62 present possible reasons for missing forms: (1) research staff or administrative staff failed to distribute the questionnaire, (2) patients considered the questionnaire a violation of privacy, (3) patients felt that the questionnaire was time consuming, (4) patients withdrew or refused to complete the questionnaire, (5) patients felt too ill, or (6) patients' disease progressed. Loss of data may lead to a bias in the study as well as a loss of power. Statistical methods for dealing with missing data have been described. 63 One of the more common methods used is termed "imputing," such that missing values are substituted by a mean value, provided that a minimum percentage of questions within a subscale have been answered.
Every effort must be made to minimize missing data in PRO studies. Selection of abbreviated validated forms with a smaller number of questions to answer the hypothesis question should be chosen to minimize patient burden. PROs should be included as an integral part of the study and not as an added-on component. Quality control checks should be in place to ensure that questionnaires are administered to the study participants at appropriate times, collected within a defined time frame, checked to make sure that items are complete, and entered into electronic databases expeditiously. Real-time data entry and tracking software are now available that send e-mail reminders to patients, enable them to complete questionnaires online, prompt when items or forms are incomplete, and populate centralized databases in real time. Such efforts have been piloted by the RTOG, and the experience has recently been reported by Movsas et al. 64 RTOG-0828 (Pilot Project to Reduce Missing RTOG Quality of Life Data Via Electronic Web-Based Form Collection: A Companion Study for RTOG 0415) was a prospective companion study of RTOG-0415 (A Phase III Randomized Study of Hypofractionated 3DCRT/IMRT Versus Conventionally Fractionated 3DCRT/IMRT in Patients Treated for Favorable-Risk Prostate Cancer), a randomized study of conventional versus hypofractionated radiation therapy for favorablerisk patients with prostate cancer. In RTOG-0415, which used paper forms, the 6-month QOL completion rate was 52%. By using Webbased tools, the 6-month completion rate increased to 90% (P Ͻ .001). Moreover, the 1-year QOL completion rate using the Webbased technology was 82% compared with 36% using paper forms.
ROLE OF RTOG IN RADIATION ONCOLOGY PRO STUDIES
The RTOG was established in 1968 with the intent of conducting radiation oncology and multidisciplinary collaborative trials for patients with cancer. Recently, it merged with the National Surgical Adjuvant Breast and Bowel Project (NSABP) and Gynecologic Oncology Group (GOG) to form the NRG Oncology Group under the auspices of the NCI.
The growing importance of PRO evaluation and studies was recognized by the RTOG more than two decades ago with the establishment of the RTOG QOL Subcommittee in 1991. The commitment of this subcommittee was to incorporate PRO end points into clinical trials to assess potential differences between treatment arms and study the impact of cancer therapy on patient PROs. 65 RTOG developed a model that includes a comprehensive set of outcomes to guide phase III clinical trial end point development including clinical, economic, physical, biologic, and humanistic end points (Fig 1) . PROs (QOL, utilities, symptoms) and neurocognitive and behavioral studies contribute to the humanistic end points. This model helps investigators consider all relevant end points and to posit associations between and among the end points. For example, RTOG-0534 (A Phase III Trial of Short-Term Androgen Deprivation With Pelvic Lymph Node or Prostate Bed Only Radiotherapy [SPPORT] in Prostate Cancer Patients With a Rising PSA After Radical Prostatectomy) is a phase III trial of short-term androgen-deprivation therapy with pelvic lymph node or prostate bed only radiotherapy in patients with a rising prostate-specific antigen scores after radical prostatectomy. The study will randomly assign more than 1,700 patients and will assess the outcomes depicted in Figure 1 .
RTOG studies focusing on PROs have helped to change clinical guidelines. RTOG-9714 (Randomized Trial of Palliative Radiation Therapy for Osseous Metastases: A Study of Palliation of Symptoms and Quality of Life), a phase III trial that compared 8 Gy in one fraction to 30 Gy in 10 fractions, found both regimens were equivalent in terms of patient-reported pain and objective narcotic relief at 3 months, 66 and there were no QOL differences between arms. Moreover, despite a higher re-treatment rate, 8 Gy was found to be costeffective. 67 Data from that trial was used in the Palliative Radiotherapy for Bone Metastases: An ASTRO Evidence-Based Guideline, 68 which is the most frequently cited article in the International Journal of Radiation Oncology, Biology, Physics from 2011. That study provided rationale for the currently active phase III RTOG-0631 (Phase II/III Study of Image-Guided Radiosurgery/SBRT for Localized Spine Metastasis) trial assessing pain relief from a novel radiation technology, radiosurgery (16 to 18 Gy in a single fraction), versus the 8 Gy using conventional techniques. This study also incorporates QOL (FACT-G) and the EuroQOL Five Dimensions Questionnaire (EQ-5D) for health utilities. 
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In another series of studies, RTOG has carefully evaluated the effect of prophylactic cranial irradiation (PCI) on neurocognition and QOL, which has similarly shaped clinical practice. RTOG has ongoing trials in which PRO end points are not only an integral part of the study, but are in fact the primary objective. For example, RTOG-0938 (A Randomized Phase II Trial of Hypofractionated Radiotherapy for Favorable Risk Prostate Cancer) is a randomized phase II trial comparing two hypofractionated radiation regimens. The bladder and bowel domains of the Expanded Prostate Cancer Index Composite (EPIC) instrument are being used to measure HRQOL as the primary end point of that study.
SURVIVORSHIP ISSUES IN RADIATION ONCOLOGY
PROs and QOL are especially important facets of cancer survivorship. The National Coalition for Cancer Survivorship defines an individual as a cancer survivor from the time of diagnosis. In 2012, there were nearly 14 million cancer survivors in the United States. 72 Late effects of the tumor and related treatments affect many of these survivors. Given this significant burden, the American Society of Clinical Oncology (ASCO) has recognized the importance of survivorship care, the limitations of our existing care model, and opportunities for the future through education, research, and advocacy. 73 There has been significant research on late effects in survivors of childhood cancer. In the United States, the largest body of work comes from the Childhood Cancer Survivor Study (CCSS). 74 The CCSS is an NCI-funded study with data from more than 14,000 survivors of childhood cancer. Importantly, 4,000 siblings are also included in the study to provide a comparison cohort. This impressive effort has resulted in more than 200 publications describing the physical, emotional, and psychosocial effects seen in long-term survivors. The cumulative incidence of chronic health conditions in this patient population is more than 70% with more than half of those conditions being categorized as severe or life-threatening. 75 There is a correlation between the presence of symptoms related to these late effects and lower QOL. 76 However, despite the importance of PROs, there are fewer data regarding QOL issues as self-reported by survivors. These deficits in QOL vary depending on demographics, primary diagnosis, and treatment. 77 Although a corresponding adult counterpart to the CCSS with the extensive treatment and survey data does not exist, there are numerous studies of survivors of adult cancer. For example, the National Health Interview Survey provides an opportunity to assess QOL in these survivors. QOL was assessed by using a 10-item general QOL version of PROMIS. In the 2010 survey, 1,822 self-reported cancer survivors were compared with 24,802 adults without a cancer history. 78 Poor physical and mental health QOL was reported in 24.5% and 10.1% of the survivors compared with 10.2% and 5.9% in controls. Although there is a high prevalence of low QOL, there appears to be improvement in self-reported QOL over time. 79, 80 Because of the extensive late effects data in survivors of childhood cancer, the Children's Oncology Group (COG) has developed and published long-term follow-up guidelines 81 that are based on the diagnosis and therapy received. As an example, for patients who received 20 Gy or more to the chest, COG recommends annual breast examination, mammogram, and breast magnetic resonance imaging scans starting 8 years after radiation or at age 25, whichever occurs later. Another example is cardiac function screening. COG follow-up recommendations for the frequency of echocardiogram testing depend on the age at the time of treatment, dose of radiation, and dose of anthracycline. However, there are fewer robust data for survivors of adult cancer. As a result, there are fewer follow-up recommendations for these patients. For example, the National Comprehensive Cancer Network (NCCN) 82 , makes specific recommendations for breast cancer screening for patients with Hodgkin lymphoma who received chest radiation, but this does not extend to other diagnoses. The NCCN does provide recommendations regarding anxiety, depression, cognitive function, exercise, fatigue, immunization, pain, sexual function, and sleep disorders.
Despite the limitations, the importance of survivorship continues to be recognized on a national level. The IOM first reported on this issue in 2005 in its report "From Cancer Patient to Cancer Survivor: Lost in Transition."
83 Guidelines for a Survivorship Care Plan (SCP) were outlined in that report. The two broad components of the SCP are a treatment plan summary and a follow-up care plan. Essential elements of the care plan include survivorship and psychosocial care plans, health promotions, and recommendations for care coordination with primary care. The importance of the SCP is underscored by the accreditation requirement of American College of Surgeons Commission on Cancer for providing an SCP by 2015. Despite the fact that the SCP is felt to be critical of the overall care of cancer survivors, use of the SCP is far from standard. Even in COG institutions, only 68% provide SCPs that require, on average, 2 hours for the initial SCP visit. 84 Barriers to implementation include lack of evidence showing a benefit of SCPs, reimbursement, staff workload, insurance coverage, and lack of training. 85, 86 To help address these SCP barriers, ASCO has convened a working group to re-examine the IOM recommendations and provide some guidance to improve the successful implementation of SCPs. The American Society of Therapeutic Radiation Oncology (ASTRO) is also developing innovative programs to support and recognize cancer survivors, including the Survivor Circle Grants to honor cancer survivors.
Finally, increasing importance is being placed on the patient perspective. The IOM 2001 report "Crossing the Quality Chasm: A New Health System for the 21st Century" 87 formally included patient centeredness as one of the six aims for improvement. Patient expectations and perceptions often differ from those of physicians. 88 In the realm of survivorship care, patients concerns differ from the expectations of the primary care provider regarding who is responsible for disease follow-up. There is an even more substantial difference between patients and oncologists regarding who is responsible for disease follow-up, screening for new cancers, and general health care. Patients may also be unwilling to discuss QOL issues with their physicians. 89 Better understanding and agreement between patients and physicians may further improve survivorship care.
90
FUTURE OF PROS AND SURVIVORSHIP
With the realization of the importance of PROs and survivorship in cancer therapy and radiation oncology, these endeavors have moved more into the mainstream. Initiatives by NCI, FDA, RTOG, and other national and international agencies have led to recommendations and standardization for including PROs in clinical trials. Moreover, PROs are now starting to move beyond clinical trials and into the routine clinic setting itself. Recently, electronic PRO systems can link to a patient's electronic medical records and provide real-time e-mail alerts. 91 Although implementation of such novel PRO systems into clinical practice will require additional training and resources, the core issues to be addressed are the ones highlighted in this review.
Recently, there have been exciting efforts to study the genetic and molecular pathways associated with changes in patient-reported symptoms. 92 93 Ultimately, PROs will play a key role in improving QOL for cancer survivors.
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